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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Master of Science

CHARACTERISTICS AND ABSORPTION COEFFICIENT OF CO; LASER IN
NATURAL GAS MIXTURES
By
NORHAFIDZAH BINTI MOHD SAAD
April 2006
Chairman: Associate Professor Ir Norman Mariun, PhD

Faculty: Engineering

This work was arranged to develop scientific and engineering database on the
study of cw / repetitively pulsed CO; laser in terms of its characteristics and
absorption coefficient in natural gas mixtures. The laser system is operated both in
continuous wave mode as well as in pulse mode at 10.6um wavelength range of

infrared electromagnetic spectrum.

The study on CO, laser system consists of two parts. In the first part, the
measurements on the characteristics of cw / repetitively pulsed CO; laser system
are done at 10.6 pm wavelength. The output parameters of CO, laser are carried
out in detail to determine the laser characteristics for getting maximum output
energy and power subject to various variable such as pulse repetition rate,
discharge current, duty cycle and pulse duration. Different aspects of CO; laser are
studied to determine the laser characteristics between various design parameters

and the effect of varying one parameter on others. The frequency and current

il



limits regarding maximum and minimum output energy and power are presented.
The maximum pulse energy is achieved at 32mJ when the laser operated at 10mA
discharge current with 50 Hz pulse repetition rate. A maximum power of about 11
watts is measured at a current of 10mA. The output energy and power is found to
decrease with further increase in pulse repetition rate and discharge current. This

is due to the saturation of the gas molecules inside the laser tube.

In the second part of the project, the experimental work on the absorption
coefficient of CO; laser in compressed natural gas mixtures are measured at
variable laser energy and pressures operated at 295K temperature. The
measurements are done using optical transmission loss technique with 19%
transmission loss due to the absorption by the optical system. The absorption data
showed a strong dependence on both laser energy and pressure. It was found that
natural gas mixtures absorb laser light the most, followed by pure natural gas and
the lowest laser absorption coefficient is air. The results are found to follow the

exponential law of absorption that is called as Beer-Lambert Law.

The purpose of this study is to explore the application of CO; laser especially in the

area of combustion of natural gas. For the first step, the characteristics in terms of

laser energy and power and its absorption in natural gas need to be studied.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Master Sains

CIRI-CIRI DAN PEMALAR PENYERAPAN LASER CO; DI DALAM
CAMPURAN GAS ASLI
Oleh
NORHAFIDZAH BINTI MOHD SAAD
April 2006
Pengerusi:  Profesor Madya Ir Norman Mariun, PhD

Fakulti: Kejuruteraan

Kajian ini bertujuan untuk membangunkan data-data saintifik dan kejuruteraan
terhadap ciri-ciri sistem laser CO; serta pemalar penyerapan laser tersebut
terhadap campuran gas asli. Sistem laser CO; yang beroperasi secara gelombang
terus atau denyut berkala telah dilakukan pada panjang gelombang 10.6 pm pada

spektrum electromagnet infra-merah.

Kajian ini terbahagi kepada dua bahagian. Pada bahagian pertama, kajian secara
experimen ke atas ciri-ciri sistem laser CO; telah dilakukan. Parameter-parameter
sistem laser tersebut dibincangkan secara mendalam bagi menentukan ciri-ciri
laser bagi mendapatkan keluaran tenaga dan kuasa maksima yang bergantung
kepada pelbagai pembolehubah seperti kadar pengulangan denyut, arus discas,

tempoh denyut dan Kkitar tugas. Tenaga maksima diperolehi apabila laser



beroperasi pada arus 10mA dengan frekuensi S0Hz iaitu sebanyak 32mJ. Kuasa
maksima pula diperolehi sebanyak 11 watt iaitu pada arus 10mA. Selepas melepasi
nilai tenaga dan kuasa maksima tersebut, keluaran tenaga dan kuasa didapati
berkurang dengan pertambahan frekuensi dan arus. Ini disebabkan molekul gas di

dalam tiub laser menjadi tepu.

Pada bahagian kedua, pemalar penyerapan laser CO; di dalam campuran gas asli
termampat diukur pada suhu 295K terhadap pembolehubah tenaga laser dan
tekanan gas. Pengukuran dilakukan menggunakan teknik kehilangan
penghantaran optik dengan andaian 19% kehilangan disebabkan penyerapan oleh
sistem optik. Didapati campuran gas asli menyerap tenaga laser paling banyak,
diikuti oleh gas asli dan udara. Keputusan yang diperolehi menepati peraturan

penyerapan yang dikenali sebagai Hukum Beer-Lambert.

Tujuan kajian ini adalah untuk mengkaji penggunaan laser CO; terutama di

dalam penyelidikan berkaitan pembakaran gas asli. Sebagai langkah pertama, ciri-

ciri sistem laser CO; dan pemalar penyerapan terhadap gas asli perlu dikaji.
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